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What is claimed is: 

1 A method for processing information in a management application, the method 

comprising the steps of: 

receiving load information from a plurality of store processes, the load 
information indicating a relative processing load for respective store processes in the 
plurality of store processes; 

determining store process availability of the plurality of store processes based on 

the received load information; 

receiving a store assignment request from an agent that has an agent transaction to 

perform with a store process; and 

assigning a store process of the plurality of store processes for the agent to use to 
perform the agent transaction based on the determined store process availability. 

2. The method of claim 1 wherein determining store process availability of the plurality 
of store processes based on the received load information comprises: 
for each store process of the plurality of store processes: 

i) if the load information for that store process is within an acceptable 
threshold load factor range, identifying that store process as an available store 
process within the plurality of store processes; and 

ii) if the load information for that store process is not within an acceptable 
threshold load factor range, identifying that store process as an unavailable store 
process within the plurality of store processes. 

3 . The method of claim 2 comprising: 

identifying a non-available store condition in which load information for all store 
processes of the plurality of store processes is not within an acceptable threshold load 
factor; and 

during the non-available store condition, in response to receiving a store 
assignment request from an agent, maintaining an agent wait table containing an agent 
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store 
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entries identifying store assignment requests associated with the agents, each agent entry 
the agent wait table identifying corresponding wait times for agents that have supplted 
assignment requests for processing an agent transaction with a store processes. 

4 The method of claim 3 wherein maintaining the agent wait table cotnptises: 
if a wait time fot an agent identified in an agent entry in the agent watt table 

exceeds an agent wait threshold, identifying that agent entry in the agent wait fable as a 
starving agent entry. 

5 The method of claim 4 wherein assigning a store process of the plurality of store 
processes for the agent to use to perform .he transaction based on .he detetmined store 

process availability comprises: 

if there is a. leas, one starving agent entry tdentified in the agent wait table, and tf 
the store assignment request is received from an agen, associated with a starving agent 
,5 entry, and if there is a, leas, one store process of the plurality of store processes that rs 
identified as an available store process, then: 

i) assigning an available store process of the plurality of store processes 
tha, has me most favorable load information as a selected store process for use m 
processing the agen. transaction for the agen, identified in the starving agent entry 

20 in the agent wait table; and 

ii) forwarding a store assignment response identifying the selected store 
process to the agen, providing the store assignment request cotresponding to the 
starving agen, entry in the agent wait table; and 

iii, removing the starving agent entry from the agent wai, table. 

6 The method of claim 5 wherein assigning a store process of the plurality of store 
processes for the agen, to use to perform me transaction based on the determtned store 

process availability comprises: 

if there is at leas, one starving agent entry identified in the agent wait table and 
30 the store assignment request is received from an agen, mat is no. associated wtth a 
starving agent entry, then: 



-40- 



EMC03-17(03087) 



0 updating the agent entry associated with the agent that provided the store 

store assUn- recues, in otdet to wait fot tece.pt of a stote assignment truest (ton, 
agent associated with a starving agent entry in the agent watt table. 



7 The method of claim 6 wherein maintaining the agent wait table comprises: 

identifying when an agent entry in the agent wait table has received no store 

10 ™ * -.77. ' — tab.e as a non- 



„ recuests for a predetermined agent timeout period and in response, 

identifying the agent entry associated with ma, agcn, in the agent wat, table as , 
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responding agent. 

8 Tbe method of claim 2 wherein assigning a store process of the plurality of store 
^Lsfotmeagenttouse.petformme — based on the determtned atote 

process availability comprises: nrnresses 
determining if mere is at leas, one store process of the ptarahty of store processes 

tot is identified as an available store process, and if so: 

i) assigning a store process of the plurality of store processes to. has 

m os. favorable load information as a selected store process for use in processmg 

the agent transaction for the agent; and 

H) forwarding a store assignment response identifying the selected store 
process to the agent providing the store assignment request. 

25 9 The method of claim 1 comprising: 

' rc pea,ing receiving load information, determining store process avatlabthty, 
recelv ingas,„re assignment truest from an agent and — a sto, pro^ssnch 
to,, over time, assignment of store processes ,0 handle processmg of 
„ ,oad balanced across the pluraUty of store processes based on the load mformafon 

30 from the store processes. 
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10 The method of claim 9 wherein assigning a store process of the plurality of store 
processes for the agent to use to perform the agent transacts based on the determined 
store process availability comprises: 

after assignment of the store process for the agent to use, establishing a recently 
assigned agent condition associated with that store process; 

on a successive iteration of assigning a store process, if the recently assigned 
agent condition associated with store process is still established, selecting a store process 
for processing the agent transaction other than the store process to which the recently 
assigned agent condition applies; and 

clearing the recently assigned agent condition after a predetermined agent 

assignment interval has elapsed. 



1 1 The method of claim 1 0 wherein: 

the load information received from the plurality of store process includes a 
15 current collective transaction weight of all currently assigned transactions for each store 
process; and 

the store assignment request received from the agent has an associated transacts 
weight of the agent transaction to be performed with a store process; 

and wherein assigning a store process of the plurality of store processes for the 
20 agent to use to perform the agent transaction comprises: 

for each available store process, calculating a new collective transaction wetght as 
a sum of the current collective transaction weight and the transaction weight of the agent 
transaction to be performed with a store process; 

determining if there is at least one store process of the plurality of store processes 
25 that has a new collective transaction weight that is within an acceptable collective 

transactionweight, and if so: 

i) assigning a store process of the plurality of store processes that has the 
new collective transaction weight that is within an acceptable collective 
transaction weight as a selected store process for use in processing the agent 
30 transaction for the agent; and 
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ii) forwarding a store assignment response identifying the seleeted store 
process to the agent providing the store assignment request. 

1 2 The method of claim 9 wherein: 
5 the management application is a storage area network management apphcafon; 

flre store assignment requests are received from agent processes operating on host 
computer systems in the storage area network that collect management data on behalf of 
managed entities associated with the agent processes, the agent processes transfers the 
management data within agent pactions to store processes to which they are asstgned; 

10 and 

the plurality of store processes operate to process the agent transacts to store 
the management data into a management database on behalf of the plurality of agent 
processes. 

15 13, A method for processing information in a management application, the method 

comprising the steps of: 

receiving an agent transaction to be processed in a store process, the agent 

transaction having an associated transaction weight; 

calculating a current collective transaction weigh, of all agent transactions 
20 currently being processed in the store process; 

calculating a new collective transaction weigh, as a sum of the current collective 
transaction weigh, and the transaction weigh, of the agen, transaction to be performed 

with a store process; 

if the new collective transaction weigh, is not within an acceptable collective 
25 transaction weigh, .hreshold, .hen queuing the agen. transaction in an agen, transact, on 

queue; and , , ,, + - 

if the new collective tiansaetion weigh, is within an acceptable collecttve 

transaction weigh, .hreshold, men processing .he agent transaction within the store 

process to convert management dan, in the agen, transaction reques, into managed object 

30 data in a management database accessed by a management apphcafon. 
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14 The method of claim 13 further comprising: 

determining when rhe current collective transaction we,gh. is within an acceptable 
collective transaction weight threshold, and in response: 

g selecting an agen. transaction from me agent transaction queue ,„ be processed 

curren, col.eclive transaction weigh, produces a new collective transacts we.ght tha, 
within an acceptable collective transaction weight threshold; and 

ii) removing the processed agent transaction from the agen, transaction queue. 

10 15 The method of claim 14 further comprising: 

calcularing load information based on current resource utilization withtn rhe store 

process; and , 

periodically provrding the load information ,0 a load manager process for use by 
ft. .oad manager process in making load balancing decisions for the assignment of store 
,5 processes fo, use in processing agent transactions on beha.f of agen, processes. 

16. A computer system comprising: 
a memory; 
a processor; 
20 a communications interface; 

an in,erconnec,ion mechanism coupling the memory, the processor and the 

communications interface; 

wherein the memory is encoded with a load manager application tha, when 
performed on the processor, provides a load manager process for processing informal 
25 in a management app.ica.ion, the load manager process causing the computer system ,o 

perform the operations of : 

receiving, via the communications interface into the memory, load tnformatton 
from a plurality of store processes, ,he load information indicating a relative process.ng 
l0 ad for respective store processes in the plurality of s,ore processes; 
30 determining, via the processor, store ptocess availability of the pluralny of store 

processes based on the received load information; 
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receiving via the communications interface into the memory, a store assignment 
request from an agent that has an agent transaction to perform with a store process; and 

assigning, via the processor, a srore process of the phrrality of store processes for 
the agent to use to perform Ore agent transaction hased on the determined store process 
5 availability. 

17 The computer system of claim 16 wherein when the load manager process causes the 
computer system to perform the operation of determining store process availabmty of the 
plurality of store processes based on the received load information, the load manager 
10 process causes the computer system to perform the operations of: 
for each store process of the plurality of store processes: 

i) if the load information for that store process is within an acceptable 
threshold load factor range, identifying that store process as an available store 
process within the plurality of store processes; and 

ii) if the load information for that store process is not within an acceptable 
threshold load factor range, identifying that store process as an unavailable store 
process within the plurality of store processes. 

18. The computer system of claim 17 wherein the load manager process causes the 
20 computer system to perform the operations of: 

identifying a non-available store condition in which load information for all store 
processes of the plurality of store processes is not within an acceptable threshold load 
factor; and 

during the non-available store condition, in response to receiving a store 
25 assignment request from an agent, maintaining an agent wait table containing an agent 
entries identifying store assignment requests associated with the agents, each agent entry 
in the agent wait table identifying corresponding wait times for agents that have supplied 
assignment requests for processing an agent transaction with a store processes. 



15 



store : 
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19 The computer system of claim 18 wherein when the load manager process causes the 
computer system to perform the operation of maintaining the agent wait table, the load 
manager process causes the computer system to perform the operation of: 

if a wait time for an agent identified in an agent entry in the agent wait table 
5 exceeds an agent wait threshold, identifying that agent entry in the agent wait table as a 
starving agent entry. 

20 The computer system of claim 19 wherein when the load manager process causes the 
computer system to perform the operation of assigning a store process of the plurality of 

10 store processes for the agent to use to perform the transaction based on the determined 
store process availability, the load manager process causes the computer system to 

perform the operations of: 

determining if there is at least one starving agent entry identified in the agent wan 
table and if the store assignment request is received from an agent associated with a 
15 starving agent entry, and if there is at least one store process of the plurality of store 
processes that is identified as an available store process, then: 

i) assigning an available store process of the plurality of store processes 
that has the most favorable load information as a selected store process for use in 
processing the agent transaction for the agent identified in the starving agent entry 

20 in the agent wait table; and 

ii) forwarding a store assignment response identifying the selected store 
process to the agent providing the store assignment request corresponding to the 
starving agent entry in the agent wait table; and 

iii) removing the starving agent entry from the agent wait table. 

21 The computer system ofclaim 20 wherein when the load manager process causes the 
computer system to perform the operation of assigning a store process of the plurality of 
store processes for the agent to use to perform the transaction based on the determined 
store process availability, the load manager process causes the computer system to 
30 perform the operations of: 
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if there is at least one starving agent entry identified in the agent wait table and 
the store assignment request is received from an agent that is not associated with a 

starving agent entry, then: 

i) updating the agent entry associated with the agent that provided the store 
assignment request in the agent wait table to indicate receipt of the store assignment 
request; and 

ii) skipping assignment of an available store process to the agent that provided the 
store assignment request in order to wait for receipt of a store assignment request from an 
agent associated with a starving agent entry in the agent wait table. 

22. The computer system of claim 21 wherein when the load manager process causes the 
computer system to perform the operation of maintaining the agent wait table, the load 
manager process causes the computer system to perform the operation of: 

identifying when an agent entry in the agent wait table has received no store 
assignment requests for a predetermined agent timeout period and in response, 
identifying the agent entry associated with that agent in the agent wait table as a non- 
responding agent. 

23. The computer system of claim 17 wherein when the load manager process causes the 
computer system to perform the operation of assigning a store process of the plurality of 
store processes for the agent to use to perform the transaction based on the determined 
store process availability, the load manager process causes the computer system to 

perform the operation of: 

determining if there is at least one store process of the plurality of store processes 

that is identified as an available store process, and if so: 

i) assigning a store process of the plurality of store processes that has the 
most favorable load information as a selected store process for use in processing 
the agent transaction for the agent; and 

ii) forwarding a store assignment response identifying the selected store 
process to the agent providing the store assignment request. 
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24 The computer system of claim 16 comprising: 

repeating receiving load information, determining store process availability, 
receiving a store assignment request from an agent and assigning a store process such 
that over time, assignment of store processes to handle processing of agent transacts 
is load balanced across the plurality of store processes based on the load information 
from the store processes. 

25 The computer system of claim 24 wherein assigning a store process of the plurality 
of store processes for the agent to use to perform the agent transaction based on the 
determined store process availability, the load manager process causes the computer 

system to perform the operations of: 

after assignment of the store process for the agent to use, establishing a recently 
assigned agent condition associated with that store process; 

on a successive iteration of assigning a store process, if the recently assigned 
15 agent condition associated with store process is still established, selecting a store process 
for processing the agent transaction other than the store process to which the recently 
assigned agent condition applies; and 

clearing the recently assigned agent condition after a predetermined agent 

assignment interval has elapsed. 
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26 The computer system of claim 25 wherein: 

the load information received from the plurality of store process includes a current 
collective transaction weight of all currently assigned transactions for each store process; 
and 

the store assignment request received from the agent has an associated transaction 
weight of the agent transaction to be performed with a store process; 

and wherein when the load manager process causes the computer system to 
perform the operation of assigning a store process of the plurality of store processes for 
the agent to use to perform the agent transaction, the load manager process causes the 
30 computer system to perform the operations of: 
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for each available store process, calculating a new collective transaction weight as 
a sum of the current collective transaction weight and the transaction weight of the agent 
transaction to be performed with a store process; 

determining if there is at least one store process of the plurality of store processes 
5 that has a new collective transaction weight that is within an acceptable collective 

transaction weight, and if so : 

i) assigning a store process of the plurality of store processes that has the 
new collective transaction weight that is within an acceptable collective 
transaction weight as a selected store process for use in processing the agent 

1 o transaction for the agent; and 

ii) forwarding a store assignment response identifying the selected store 
process to the agent providing the store assignment request. 
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27 The computer system of claim 24 wherein: 

the management application is a storage area network management application; 
the store assignment requests are received from agent processes operating on host 
computer systems in the storage area network that collect management data on behalf of 
managed entities associated with the agent processes, the agent processes transferring the 
management data within agent transactions to store processes to which they are assigned; 
20 and 

the plurality of store processes operate to proeess the agent transactions to store 
the management data into a management database on behalf of the plurality of agent 
processes. 

25 28. A computer system comprising: 
" a memory; 
a processor; 

a communications interface; 

an interconnection mechanism coupling the memory, the processor and the 
30 communications interface; 
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wherein the memory is encoded with a store application that when performed on 
the processor, provides a store process for processing information in a management 
application, the store process causing the computer system to perform the operates of: 
receiving, via the communications interface, an agent transaction to be processed 
5 by the store process, the agent transaction having an associated transaction weight; 

calculating, via the processor, a current collective transaction weight of all agent 
transactions currently being processed in the store process; 

calculating, via the processor, a new collective transaction weight as a sum of the 
current collective transaction weight and the transaction weight of the agent transaction to 

1 0 be performed with a store process; 

if the new collective transaction weight is not within an acceptable collective 
transaction weight threshold, then queuing the agent transaction in an agent transaction 

queue in the memory; and 

if the new collective transaction weight is within an acceptable collective 
1 5 transaction weight threshold, then processing the agent transaction within the store 

process to convert management data in the agent transaction request into managed object 
data in a management database coupled to the computer system and accessed by the 
management application. 



20 



29. The computer system of claim 28 wherein the store process causes the computer 

system to perform the operations of: 

determining when the current collective transaction weight is within an acceptable 

collective transaction weight threshold, and in response: 

i) selecting an agent transaction from the agent transaction queue to be processed 
25 by the store process that has an associated transaction weight that, when summed with the 

current collective transaction weight produces a new collective transaction we lg ht that is 
within an acceptable collective transaction weight threshold; and 

ii) removing the processed agent transaction from the agent transaction queue. 

30 30. The computer system of claim 29 wherein the store process causes the computer 
system to perform the operations of: 
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calculating load information based on current resource utilization within the store 
process; and 

periodically providing the load information to a load manager process for use by 
the load manager process in making load balancing decisions for the assignment of store 
processes for use in processing agent transactions on behalf of agent processes. 



3 1 . A computer system comprising: 
a memory; 
a processor; 
1 o a communications interface ; 

an interconnection mechanism coupling the memory, the processor and the 

communications interface; 

wherein the memory is encoded with a load manager application that when 
performed on the processor, provides a load manager process for processing information 
15 in a management application, the computer system including: 

means for receiving, via the communications interface into the memory, load 
information from a plurality of store processes, the load information indicating a relative 
processing load for respective store processes in the plurality of store processes; 

means for determining, via the processor, store process availability of the plurality 
20 of store processes based on the received load information; 

means for receiving, via the communications interface into the memory, a store 
assignment request from an agent that has an agent transaction to perform with a store 
process; and 

means for assigning, via the proeessor, a store process of the plurality of store 
25 processes for the agent to use to perform the agent transaction based on the de.ermmed 
store process" availability. 

32. A computer system comprising: 
a memory; 
30 a processor; 

a communications interface; 
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an interconnection mechanism coupling the memory, the processor and the 

communications interface; , .„ 

wherein the memory is encoded with a store appUcation tha, when performed on 
the processor, provides a store process for processing information in a management 
application, the computer system including: 

means for receiving, via .he communications inlerface, an agen, transachon to be 
processed hy the store process, the agen, transaction having an associated Iransacnon 

^means for calculaling, via the processor, a cur™, collective rransacrion weigh, of 
all agen. transactions currently being processed in me store process; 

means for calculating, via the processor, a new coUective transact wergh. a a 
sum of .he current coUective .ransacion weigh, and ,he transaction weigh, of the agen, 
transaction to be performed with a store process; 

means for determining if the new col.ective transaction wetght ,s no. wtthm an 
acceptable collective transaction weight threshold, and if so, men means for queumg .he 
agen. transactton in an agen, transaction queue in the memory; and 

means for determining if the new coUective transaction weight is wtthtn an 
accept* coUective transaction weigh. ,hresh„,d, and if so, men means for processmg 
th e agent transaction within the store process to convert management data ,n the agen 
taction request into managed object data in a management da.base coupled to 
computer system and accessed by the management applicatton. 



33 A computer program product having a compu,er-readab,e medium indudmg 
computer program logic encoded thereon that, when executed on a compute, : system 
25 provides a medrod for processing information in a management appticauon by causmg 
the computer system to perform the operations of: 

receiving load information from a plurality of store processes, the load 
information indicating a relative processing load for respective s,ore processes m me 

plurality of store processes; 
30 ' determining s,ore process avaUabttity of the p.uraUty of store processes based on 

the received load information; 
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receiving a store assignment request from an agent that has an agent transaction to 

perform with a store process; and 

assigning a store process of the plurality of store processes for the agent to use to 
perform the agent transaction based on the determined store process availability. 

34 A computer program product having a computer-readable medium including 
computer program logic encoded thereon that, when executed on a computer system 
provides a method for processing information in a management application by causing 
the computer system to perform the operations of: 

receiving an agent transaction to be processed in a store process, the agent 
transaction having an associated transaction weight; 

calculating a current collective transaction weight of all agent transactions 
currently being processed in the store process; 

calculating a new collective transaction weight as a sum of the current collective 
transaction weight and the transaction weight of the agent transaction to be performed 

with a store process; 

if the new collective transaction weight is not within an acceptable collect.™ 
transaction weight threshold, then qneuing the agent transaction in an agent transaction 
queue; and 

if the new collective transaction weight is within an acceptable collective 
transaction weight threshold, then processing the agent transaction within the store 
process to convert management data in the agent transaction request into managed object 
data in a management database accessed by a management application. 



